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Specification 

1. Title of the Invention 
Ellipsometer and Its Usage Method 

2. Claims 

1) An ellipsometer characterized in that, 

a pair of^ polarizer arms (14, 18) that irradiate a sample surface with polarized 
beams and [a pair of] ellipsometric arms (16, 20) that receive the light reflected by 
the aforementioned sample surface and analyze its polarization state are disposed 
so that the measurement points coincide. 

2) The usage method of the ellipsometer of Claim 1, characterized in that 

the incidence angles, relative to the aforementioned sample surface, of the 
aforementioned pair of polarizer arms (14, 18) differ from each other, 

the position of the aforementioned sample 12 is adjusted so that there is 
coincidence between both light spots formed by irradiating the aforementioned 
sample surface with the polarized beams projected from the aforementioned pair 
of polarizer arms, and [so that] the detected value of the optical intensity produced 
by the aforementioned pair of ellipsometric arms (16, 20) is maximized, 

and, after the aforementioned adjustment, the states of the polarized light received 
by both of the aforementioned ellipsometric arms are analyzed. 

3) The usage method of the ellipsometer of Claim 1, characterized in that 

the wavelengths of the polarized light projected from tiie aforementioned pair of 
polarizer arms (14, 18) differ from each other, 

* Translator's note: Here and subsequently, the Japanese patent reads "two sets of," but "a pair of ..and a pair of is 
evident from Figure 1. 
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the position of the aforementioned sample is adjusted so that there is coincidence 
between botii light spots formed by irradiating the aforementioned sample surface 
with tiie polarized beams projected from the aforementioned pair of polarizer arms, 
and [so that] the detected value of the optical intensity produced by the 
aforementioned pair of ellipsometiic arms (16, 20) is maximized, 

and, after the aforementioned adjustinent, tiie states of the polarized light received 
by both of the aforementioned ellipsometric arms are analyzed. 
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3. Detailed Explanation of the Invention 
[Industrial Field of Application] 

The present invention relates to an ellipsometer that irradiates a sample surface with 
polarized light, measures the changes in the states of the polarized light reflected 
therefrom, and measures the thickness of the film formed on the sample surface and 
optical constants such as the index of refraction of the film, the extinction coefficient, etc. 

[Prior Art] 

The ellipsometer has various configurations, and one outline view thereof is shown in 
Figure 2. 

Polarizer arm 14 and ellipsometric arm 16 are disposed such that [both] are equipped 
with an interlocked rotation mechanism (not shown) that equalizes the incidence angle 
and the reflection angle {^), relative to the measurement position P on the surface of 
sample 12 mounted on stage 10. 

This polarizer arm 14 is equipped with light source 141, collimator 142, filter 143, 
and polarizer 144. The light projected from light source 141 is parallelized via collimator 
142, after which it is [filtered] to monochromatic light via filter 143. Next, it is 
[converted] to the desired linearly polarized light via polarizer 144. 

On the other hand, ellipsometric arm 16 is equipped with quarter- wave plate 161, 
analyzer 162, telescope 163, and photodetector 164. The light that has its polarized state 
changed by [its] reflection at measurement position P (generally, elliptically polarized 
light) is converted to linearly polarized Ught via quarter-wave plate 161, after which it is 
quenched by analyzer 162. That is, the analyzer 162 is rotated so that the intensity of the 
light detected at photodetector 164, after passing through analyzer 162 and telescope 163, 
becomes 0. 
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It is possible to simultaneously measure, with high precision, high sensitivity, 
nondestructively, and without contact, the thickness of a film formed on sample 12 and 
the aforementioned optical constants, in the direction of the transmission axis of polarizer 
144 and in the direction of the transmission axis of analyzer 162 in [this state]. 

In another ellipsometer configuration, the elliptical shape of elliptically polarized light 
is detected by rotating analyzer 162, without using quarter- wave plate 161. In [yet 
another] configuration, right circularly polarized light and left circularly polarized light 
are generated periodically by disposing an electro-optical modulation element (e.g., a 
PEM) [either] at the position of quarter- wave plate 161, without using quarter- wave plate 
161, or downstream (i.e., on the sample 12 side) of polarizer 144. 

For either type of ellipsometer, if the thickness of sample 12 changes or if sample 12 
is not a parallel plate, the adjustment mechanism (not shown) provided in stage 10 must 
be used to adjust with high precision, so that the polarized beam projected fi"om polarizer 
arm 14 is incident at measurement position P on sample 12 and incident angle (j) becomes 
the set value. 

Also, the aforementioned optical constants and the film thickness^ obtained in the one 
measurement have isotimic solutions,^ so in order to determine these unambiguously, it is 
necessary to measure twice after varying the incident angle and the wavelength. 

[Problems that the Invention Is to Solve] 

However, the aforementioned adjustment is a three-dimensional adjustment. The three 
adjustments (for example, adjustment of the position of stage 10 in the up and down 
directions (i.e., in the z-axis direction), and adjustments of the angle around the two axes 
perpendicular to the z-axis) interfere with each other, so each adjustment must be 
repeated. Also, because the desired setting position of measurement point P is indefinite, 

^ Translator's note: In the Japanese patent, the wrong Japanese character is used for "thickness." 

^ Translator's note: This term is not in the standard references. Literally, it means "equivalent; synchronous; 

corresponding" + "solution(s)." 
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the operation is complex and measurement errors occur. This problem can be solved to 
some extent by using a gonio-stage as stage 10. However, if the thickness of sample 12 
changes, the rotational center will deviate from the surface of sample 12, so [the problem] 
cannot be solved completely. 

Also, when two measurements are performed by varying the incident angle, if the 
setting of sample 12 is imprecise, the measurement position P deviates between the first 
measurement and the second measurement, so the incident angle deviates from the set 
value, leading to erroneous measurement results. 

Furthermore, there is a time interval between the first measurement and the second 
measurement, so it is impossible to perform measurements for sample 12, whose surface 
state varies over time. 

The purpose of the present invention is to supply [1] an ellipsometer that takes into 
consideration such problems, that is capable of easily and accurately positioning the 
sample, and that is capable of performing measurements even for samples whose surface 
state varies over time, as well as [2] its usage method. 

[Means of Solving the Problems] 

To achieve this purpose, in the ellipsometer of the present invention are disposed, 
so that their measurement points coincide, two sets of arms: polarizer arms that irradiate 
the sample surface with polarized beams and ellipsometric arms that receive the light 
reflected by the aforementioned sample surface and analyze its polarization state. 

This ellipsometer's usage method is as follows. 

The incident angles, relative to the sample surface, of the pair of polarizer arms are 
made to differ, or the wavelengths of the polarized light projected from the pair of 
polarizer arms are made to differ. The position of the sample is adjusted so that there is 
coincidence between both light spots formed by irradiating the sample surface with the 
polarized beams projected from the pair of polarizer arms, and [so that] the detected 
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value of the optical intensity produced by the pair of ellipsometric arms is maximized. 
After this adjustment, the states of the light received by both ellipsometric arms are 
analyzed. 

[Function of the Invention] 

If the position of the sample is adjusted so that there is coincidence between both light 
spots formed by irradiating the sample surface with the polarized beams projected from 
the pair of polarizer arms, and [so that] the detected value of the optical intensity 
produced by the pair of ellipsometric arms is maximized, adjustments can be made easily 
and accurately. 

Also, by providing different incidence angles for both polarizer arms, relative to the 
sample surface, or by providing different wavelengths of light projected from both 
polarizer arms, it is possible to determine unambiguously and with one measurement the 
thickness of the film formed on the sample surface and optical constants such as the 
index of refraction, the extinction coefficient, etc. 

As a result, the measurement time is reduced. Furthermore, the aforementioned 
measurements become possible, even when the film formed on the sample surface varies 
over time. 

[Embodiments] 

Next, an embodiment of the ellipsometer of the present invention and its usage 
method will be explained with reference to the figures. 

The overall configuration of the ellipsometer is shown in Figure 1. 

As shown in Figure 2, polarizer arm 14 and ellipsometric arm 16 are disposed such 
that [both] are equipped with an interlocked rotation mechanism (not shown) that 
equalizes the incidence angle and the reflection angle ((|)), relative to the measurement 
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position P on sample 12 mounted on stage 10. Stage 10 is rotatable around the mutually 
orthogonal x-axis and the y-axis by means of an adjustment mechanism (not shown), and 
it allows movement parallel to the z-axis direction, which is orthogonal to the x-axis and 
the y-axis. The optical axes of polarizer arm 14 and ellipsometric arm 16 are in the y-z 
plane. 

On the other hand, polarizer arm 14 and ellipsometric arm 16, which are equipped 
with an interlocked rotation mechanism (not shown) that equalizes the incidence angle 
and the reflection angle (9)"* as well as identically configured polarizer arm 18 and 
ellipsometric arm 20 are disposed with their optical axes within the x-z plane. 

As shown in the figure, it is assumed that the mutually orthogonal u-axis and v-axis 
[exist] on the surface of sample 12, corresponding to the x-axis and the y-axis. When 
sample 12 is a parallel plate, the u-axis and the y-axis are parallel to the x-axis and the y- 
axis, respectively. 

Here, when parallel plate sample 12 is replaced with tapered sample 12 that has a 
different thickness and is not a parallel plate, it is necessary to adjust the z-direction 
position of sample 12 and adjust the angles of rotation around the u-axis and the v-axis. 
However, the angles of rotation around the x-axis and the y-axis actually must be 
adjusted, so if the angle of rotation around the x-axis is adjusted, for example, the z-axis- 
direction position of sample 12 also changes, so it is necessary to readjust the z-axis- 
direction position. Also, the precise z-axis-direction position of measurement position P 
is indefinite. The same applies to the adjustment of the angle of rotation around the y-axis. 
Conventionally, therefore, the adjustment of the position of sample 12 has not been easy, 
operation has been complex, and adjustment errors have occurred. 

However, when an ellipsometer configured as aforementioned is used, it is possible to 
adjust easily and accurately, even though repeated adjustments are required as 
conventionally, because it only is necessary to adjust the z-axis-direction position of 
measurement location P so that there is coincidence between the positions of both light 
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spots formed on sample 12 by the polarized beams projected from polarizer arms 14 and 
18 and to adjust around the a-axis and the y-axis to maximize the intensities of the light 
detected by ellipsometric arms 16 and 20. (This problem cannot be solved completely 
because, although [this problem] can be solved to some extent by using a gonio-stage as 
sample stage 10, the rotational center deviates from the surface of sample 12 when the 
thickness of sample 12 varies.) Such positioning of sample 12 [ensures] correspondence 
between the measurement point resulting from polarizer arm 14 and ellipsometric arm 16 
and the measurement point resulting from polarizer arm 18 and ellipsometric arm 20. 

Also, by providing different incidence angles <|) and 0 for both polarizer arms 14 and 
18, relative to sample 12, or by providing different wavelengths of light projected from 
both polarizer arms 14 and 18, it is possible to determine unambiguously and with one 
measurement the thickness of the film formed on the sample 12 surface and optical 
constants such as the index of refraction, the extinction coefficient, etc. 

As a result, the measurement time is reduced. Furthermore, the aforementioned 
measurements become possible, even when the film formed on the surface of sample 12 
varies over time. 

Furthermore, the configurations of the polarizer arm and the ellipsometer arm of the 
ellipsometer of the present mvention are not limited to those shown in Figure 2. It goes 
without saying that various configurations are included. 

[Effects of the Invention] 

As explained above, the ellipsometer of the present invention and its usage method 
have the following superior effects: Measurements can be performed easily and 
accurately because it only is necessary to adjust the sample position so that there is 
coincidence between both light spots formed by irradiating the sample surface with the 
polarized beams projected from the pair of polarizer arms, and [so that] the detected 
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value of the optical intensity produced by the aforementioned pair of ellipsometric arms 
is maximized. 

[The present invention] also has the following superior effects: By providing different 
incidence angles for both polarizer arms, relative to the sample, or by providing different 
wavelengths of light projected from both polarizer arms, it is possible to determine 
unambiguously and with one measurement the thickness of the film formed on the 
sample surface and optical constants such as the index of refraction, the extinction 
coefficient, etc. As a result, the measurement time is reduced. Furthermore, the 
aforementioned measurements become possible, even when the fihn formed on the 
sample surface varies over time. 
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4. BriefExplanation of the Drawings 

Figure 1 is an oblique view showing the overall configuration of the ellipsometer of 
the present invention. 

Figure 2 is the outline view of a conventional ellipsometer. 
[Symbols] in the figures: 
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